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Flimt tests have boen conducted to determlno the effoct of 

A comparison is made betweezl results thus 
la-h of a. conical uindshield on the &rag of a bluff body moving 
zt supersonic speeds. 
obtained (for 8 3- lnch  windshield) and t he  results of previous 
drag te8tS of bdy-wi~dsh ie ld  camblmtiam (for windehlelds of 
1-inch, and 10-inch length) The t e s t  reeulte showed that the 
effect of iccreasing the length of a conical windshiela mounted 
ahead of a bluff boas moving at supersonic q e e d s  is to decroase 
the drag: tha t  t h e  effect Le greatest for short windshields;. and 
that the effect increases with h c h  nm?mr. R881d-ts  a l ~ o  Ehowed 
that a conicel Tdndehield of r e h t i v d y  mll dFmemions can 
appreciably increase the effectivo fineness ratio of a bluff boay 
at supersonic speeds. 

0, 

In view of practical conaideratians, such as provi~ion of 
adequate visibility for a pilot o r  an automatic target-seeking 
dovice, the L@ey Zi lo t leas  Aircraft Research Diviaion is 
conducting an invgsti&tzon to detoMnine m m ~  whoreby tho drag 
of a blunt-nose body tit oupo~sonic speeds may be reduced to a 
value caparable with.that of 8 pointpi-nose body. 

Theoretical considerations indicate that, If 8 canical wind- 
shield is placed ahead of a blunt-noae body at supersonic speeds, 
the low-velocity wake behind t h e  conical winibhield Will. e m n d  
and thw cause the external f l o w  to folluw We contour fomed by 
tPle exbeneion of t h e  surface of the conical. windshield. Tkw, 8 

small conical goint migh t  prodnce B1dx3t€tntia~ the same effect 
as a l o r g  pointed nose but have tho a&van.t;ages of -roved 
viaibility and reduced structural weight 

i f * 4  



. 
2 

In order t o  deto-ne the masi tude of the effects  of a conical 
windshield, the supersonic f l i&t  investigation of referonce 1 waa 
continued and the rosults are presented herein. Rafsronco 1 
determinod tho reduction i n  drag effoctod by a 1-inch conical 
windshield of 220 22' included nose angle placod 8.04 inches ahead 
of the almost hemisphorical nose of a fin-etabil lzed body of 
5-inch diameter. The effect of increasfng .(;he Lmgth of  the a n d -  
shield t o  3 inches is given i n  tho prosont paper. As i n  reforenco I, 
the drag of the 3-inch win(1shiold is compared with %at of a pointed 
noso of fineness r a t i o  3.5 f m e d  by fairing a mdian cwvo betmen a 
cone and a circular a rc  tangent to the 5- inch-d imter  body. 

BODIES AND TESL's 

Bod;leEl.- A photograyh of the blunt-nose t e s t  body squippod with 
tho conical windshiold 3 inchos long i a  givon a8 f i w o  1. This 
body was obtained by modifying the body of t h o  dimmiom given i n  
figure 2(b) .  Tho sharp noso was replaced by a spherical surface 
%%ich fa i red  tangentially in to  tho rear p a t  of the sharp noso 88 
shown In figure 2(c) a The 3-inch conical wln8Ehield was mountod 
on a boom aa shown in figure 3(b) BO that tho apex of the wind- 
shield coincided Mth the posit ion of the apex of the original  
sharp noao. The included angle of the windshield, 22O 20 ', was 
approximately equal t o  the included angle of t h o  mig ina l  shaq  
nose. 

The 1-inch-winbhhld body of referonce 1 waET derive& in tho 
atme mnner 8s the  3-inch-wlnbhiold body, and differed only in 
length of the windshield and i n  diameter of the sup~orting b o a .  
The 1-inch windshield i~l shown in figme 2(a) and in s e a t e r  de t a i l  
i n  figure 3(a).  The comparable sharp-nom and blunt-nose b&es of 
reference 1 a re  tlie shapes ahown i n  figwee Z(b) and 2(c) ,  
respectively. 

- 

All the t e s t  bodies were propellod by.3.25-inch-dimater Mk. 7 
aircraft rocket motors encloaod within the bodiesl- A t  a proignition 
temperature of 690 F, the rocket motore provided approximately 
2200 pounds of  thrust  f o r  approximately 0.87 second* 

%El't;s.- The body wfth the 3-inch conical windshiold a8 w e l l  a8 
the bodies i n  reference 1, were launched a t  an elevation a n g h  of 
75' t o  t h e  horizontal. Bocauso of the largo elevation anglo and 
the short duration of bur- of the rocket motor, the traJoctory 
of the bodlos aurin& t h e i r  supersonic coasting fU&t (af tor  t h e  
propellant was expended) m s  approxhmtely a st raight  line. The 
f l i&t  volocity waB m a y r e d  during t h i s  coaa t iw  period by means 
of a CW Dopplor raaar set (AN/!SS-fj) located a t  t h e  point of launching~ 
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RESULTS ADD DISCUSSION 

The variation of velQcity with tlme f o r  the test  body w i t h  the 
3-inch c m i c a l  windshield, a8 measured with the radar unit, is 
presented i n  f iguro  4 .  
pointa, althougli greater than usual, still permits satisfactory 
redwtion of the data,. 
body wa8 l672 feet per second, which correspmds t o  a Mach number 
of 1.49. The p e r t  of the velocity curve dur.lng :?hich coasting 
flIg!t 'vas at+Jainod (after the end of burning) was gza2hicdI-y 
different is ted t o  obtain the deceleration. Tine product of the 
deceleration and the kmm 
acting ine r t i a  force.  
drag and tho hown weight of the body. The salues of the drag 
thus cktained ars -pesented in figure 5 as a -tian of the flight 
ve ioc i ty .  Altho?lgh t h s  scs t t3r  of the r e l c c i Q - t w s  curyo has 
been greetly zagnLfif& bg ite differankht :o~,  the d r a g  curve f a  
s a t i s f e c t c n l y  &9ttmf.n&. AT h o s t  linw variation of dzmg 
w i t h  veiccit .~ is  evidenced between the -tu cl UC#) mid 1 9  
f s e t  per sacen?. 

The amount of sca t te r  of the experimental 

The m i m u m  velocity reached by the test 

of the tes-i; body gave the fori ird-  
This product was equatud to the swll of the 

F r m  the faired m e  of & Y E  acatrat velocity given in 
figvra 5, 'the drag coefficient of tkio tctst boQ w i t h  a 3-inch 
KLn&shIeld has been ccquted  =tnd is $resented in figure 6 as 
a function of the Mach nlLmber. For carpariaon, the drag-coefficient 
curves f o r  the body Wrth a 1-inch wlndshiald and the blunt-nose 
and sharp-nose bodiea of reference 1 are included. 
coefficients were based on body f,-ontal area exclusive of the .fins 
(0 J364 sq ft> Ehnd include the drag of the f h s  . The f igwe shows 
that the drag-coefficient curve f o r  the test body with the 3-inch 
windshield intersects  the curve for tho blunt-nos8 boas of reference 1 
a t  a Mach number of 1.05 and is 96, @, and 85 percent of the blunt- 
nose drag coefficient a t  Mach numbers of 1.1, 1.2, md 1.4, 
respectively. 

The drag 

' 

AB an indication of the consistency of the drag-coefficient 
curves obtained by the tes t ing tcchlque  epnplayed, the variatfon 
of drag coefficient w i t h  Mach number, evaluated for f i v e  ident ical  
sharp-nose test bodies, 13 preaented in figure 7. The sca t t e r  of 
the pain"ta i s  approximatel;g 23 percent relative t o  the mean fa i red  
curve, ubich varies approxmte ly  2 percent from that presented i n  
reference 1. O f  the f ive  t e s t  bodies ( f ig .  7), test bodies A and B 
were fired at ident ical  ahospheric conditions and t e s t  bodies 
C and D were fired at  identical atmosphGrlc conditions. Tho sca t t e r  
can be at t r ibuted t o  slighk inaccuracies in hodel Tabricatim, test 
method, and reduc'tion of  the experimental data. 
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Figure 8, a cro8s plot  of figure 6, shows curves of percentage 
drag decrement against vindshield length. 
decreanent i s  the precentage reduction of the drag of the blunt- 
nose body effect& by the use of a conical windshield. The sharp- 
no68 t ee t  body of reference 1 has been asawned to be t h e  result of 
increasing the length of the windshield t o  10 inches since it is  
evident that  M increase in length of .the conical windshield t o  the 
pcdnt a t  which it  became8 tangent to the b l u i t  nom would resu l t  
i n  decreasicg the drag b approximately the value obtained w i t h  the 
actual sharp nose teated. Although the sharp nose is not of conical 
shape, actually having been derived by taking the mean curve between 
a conical and circular-arc profile, l i t t l e  discrepancy in aero- 
dynEamic characterist ics should result from the difference a8 is 
indicated i n  reference 2, and the result ing values a r e  believed t o  be 

- rl" the proper order of magnitude. Conaequently, tho points a t  
3 inches and 10 Inches have been connected by dashed l i nes .  
t h e  Mach number of 1.4, the 0, 1-inch and 3-inch points have also 
been connected by a dashed l i ne  t o  indicate tha t  the decremente are 
amal l  enough to fall within the precision of tho te t r te .  The curve8 
8hOW that the short-length w3ndehields (3 i n .  and lees) are most 
effoctive per un i t  length i n  decreaeing the drag of the blunt-nose 
a8 is indicated by the curve f o r  the 3-inch windshield, which is . 
61 percent a8 effective as the 10-inch windshield a t  a Mach nuuiber 
of 1.4. Also, the effectivenees of the windshield increaees w i t h  
Mach number, the effectiveness being approximately ll percent 
greater a t  a Mach number of 1 . 4  than a t  a Mach number of 1.1. 
For a given windshield length, the decrament in drag coefficient 
resulting from an increase In Mach number decreases as the Mach 
number inoreasas. 8 

Tlie percentage drag 

For 

- 

.- 
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CONCLUSIONS 

Flight tests of the effectiveness of conical windshields of 
various length with a 22O 20' included angle in reducing the drag 
of a 5-inch-diameter, blunt-nose body a t  Mach numbers of 1.1 to  
1 -4, when the apex of the wFndshi8lds i s  located 8.04 lnches &head 
of t k e  body, lead t o  the following conclusime : - 

1. A conical-windshield i s  effective in reducing tho drag of 
a blunt body. 

2. The decrease In drag coefficient effected by the windshields 
becaues greater, and the decrement per inch of windshield l q k h  
becomes loss, with Fncreaeing length of windshield i 
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3 .  For an increase i n  Mach nugber "tho reduction in drag 
coefficient reaultm fmm the w e  of a conical windshiel& increases; 
the increase is greatest a t  the low Mach m b e r a .  

4. The mqpitude of the decresess in drag coefficient of a 
blunt body at Mach num3ers of 1.1, 1.2, and 1.4, respectively, 
effected bj e 1-inch conical windshield wgre about 0, 4, and 
6 prcent; by a 3-inch conical finlishield, abaut 4, L1, and 15 percent; 
and by a 10-inch conical WhdshI8ld, the limitFng cmdit icn which 
=de the windshield conti?zzcus w i t h  the b o o  proper, about 14, 23, 
and 2'7 percent. 
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F i g u r e  1.- General  v i e w  of t e s t  b o d y .  
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